Context: Disorders of the prostate gland are more prevalent in patients with acromegaly. GH-insulin-like growth factor 1 (IGF1) axis plays an additive role in prostatic growth and development. Objective: To correlate the structural and histopathological changes of the prostate and prostatic symptoms with GH/IGF1 in patients with acromegaly.
pathogenesis of prostate cancer, but their actions are still unclear (7) . Common causes of mortality and morbidity in patients with acromegaly are cardiovascular, respiratory, and neoplastic disorders (8) . A few studies have reported a higher prevalence of prostate disorders in patients with acromegaly compared with age-matched healthy controls (3, 4, 5, 6) . Despite the higher prevalence of 'prostatic enlargement' and possibly an increased risk of prostatic cancer in patients with acromegaly, no guidelines recommend screening for prostatic disorders, at baseline or during follow-up. In this study, we evaluated and correlated prostatic symptoms using International Prostate Symptom Score (IPSS) and urodynamic studies with structural and histopathological changes in the expression of IGF1 in the prostate gland for the first time, in relation to GH/IGF1 axis in patients with acromegaly. This topic is important given the increasing interest in GH/IGF1 axis and the influence of acromegaly on increased risk of benign prostatic hyperplasia (BPH).
Subjects and methods
This case-control study was conducted between January 2012 and November 2013 at the Postgraduate Institute of Medical Education and Research, Chandigarh, India. All patients gave written informed consent and the study was approved by the Institute's Ethics Committee. Fifty-three males aged 20-60 years, with a diagnosis of acromegaly, were enrolled for the study. Patients with a history of urogenital disorders such as urethral strictures, bladder stones, meatal stenosis, neurogenic bladder, and any known prostatic disorder or those with a history of transurethral resection of prostate were excluded from the study. In addition, patients with diabetes mellitus of more than 10 years of duration (as they may be likely to have cystopathic changes), those with postoperative diabetes insipidus, and patients on octreotide LAR treatment (as somatostatin receptor subtypes 1 and 2 are found in stromal cells of benign and malignant prostate tissues) were also excluded. Fifty healthy subjects whose age, BMI, and educational status matched served as controls. All patients were replaced with a stable dose of respective hormone deficiencies at least 3 months before enrollment in the study.
All patients had a GH-secreting pituitary macroadenoma, six patients additionally had hyperprolactinemia with immunostaining positivity for prolactin. Patients were divided into those having active or inactive disease based on the GH response to 75 g oral glucose challenge and age-and gender-specific IGF1 levels. Patients were further divided into hypogonad or eugonad based on morning serum testosterone levels.
Pituitary target hormones, complete biochemistry, hematological parameters, prostate-specific antigen (PSA), trans-abdominal ultrasonography of the kidneys, ureters, bladder and prostate (KUB), digital rectal examination (DRE), trans-rectal ultrasonography (TRUS) of the prostate, and uroflowmetry were performed in all patients and controls. Prostatic symptoms were evaluated by IPSS. Image-guided trans-rectal prostatic biopsy was done in 14 patients and equal number of controls, who were randomly selected.
The biochemical and hormonal parameters were as follows: serum PSA was performed by solid-phase immunoassay with a detection range of 10.24-25 pg/ml, as described earlier. The normal range for healthy individuals is 0-4 ng/ml with a CV !10%. Hormonal parameters including GH, IGF1, prolactin, luteinizing hormone (LH), follicle-stimulating hormone, testosterone, cortisol, tri-iodothyronine, thyroxine, and thyroid-stimulating hormone were estimated by electrochemiluminescence immunoassay (COBAS, 800, Roche-Hitachi).
Ultrasonography of KUB and TRUS prostate (Philips iU22 xMATRIX) was performed in the Department of Radiology by a single radiologist, who was blinded for the study. The transducers used were 1-5(C 5-1 ) megahertz for KUB and 5-9(C 5-9 ) megahertz for TRUS. Before the TRUS, all subjects received enema, and a DRE was performed. The transducer was covered with a disposable rubber sheath and was lubricated with ultrasound transmission gel and gradually inserted about 3 cm into rectum and then directed toward the anterior rectal wall. Prostate examination included antero-posterior (AP), transversal (TR), and craniocaudal (CC) diameters; the transitional zone, median lobe, morphology of boundaries and the occurrence of calcifications, cysts, and nodules were evaluated. Prostatic volume (PV) and the volume of the transitional zone were calculated by means of the standard ellipsoid formula (0.52!AP diameter!TR diameter!CC diameter). PV exceeding 30 ml was considered hyperplastic prostate (9) .
IPSS is based on seven questions concerning urinary symptoms and one question concerning quality of life. Each question about urinary symptoms allows the patient to choose an answer out of six options, indicating increasing severity of a particular symptom. The answers are assigned points from 0 to 5. The total score can therefore range from 0 to 35 (asymptomatic to very symptomatic, Supplementary Table 1, see section on supplementary data given at the end of this article). Questions refer to the following urinary symptoms: incomplete emptying, frequency, intermittency, urgency, weak stream, straining, and nocturia. The eighth question refers to the patient's perceived quality of life. The first seven questions of the IPSS are identical to the questions appearing on the American Urological Association (AUA) Symptom Index, which currently categorizes symptoms as follows: mild (symptom score %7), moderate (symptom score range [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , and severe (symptom score range 20-35) (10, 11) . IPSS has been previously validated in our population (Santosh Kumar and SK Singh, unpublished data).
All patients had standard uroflowmetry, which is a diagnostic test in which the speed of urine flow (average and maximum) is measured electronically as millilitres of urine passed per second. TRUS was used to measure postvoid residual (PVR) urine volume, which is the quantity of urine left in the bladder after urination. A PVR of !50 ml was regarded as adequate bladder emptying.
Prostate biopsy
A single investigator (S Kumar) performed TRUS-guided sexant prostatic biopsies using an 18-gauge biopsy needle under local anesthesia in 14 patients with acromegaly, who were randomly selected. Equal number of controls also underwent biopsy. Location of prostatic biopsy was both peripheral and transitional zone. Urine culture and coagulation profile were done in all subjects before biopsy and prophylactic antibiotics (ciprofloxacin and amikacin) were given after biopsy for 3 days.
Biopsy specimens were subjected to hematoxylin and eosin staining for routine histopathological examination. Rabbit polyclonal anti-IGF1 antibody (Abcam, ab9572, Cambridge, USA), reactive against human IGF1, was used in 1:100 dilutions for immunohistochemistry (IHC) as per the manufacturer's details. Fourteen patients with acromegaly and 14 healthy controls were compared for IGF1 immunopositivity. To study the effects of IGF1 in pathological states, IHC was also done in a separate group of 14 cases of BPH and in 14 cases of prostatic carcinoma of variable Gleason's grade. A slice of liver parenchyma from a 30-year-old healthy individual who underwent autopsy after sudden death following a road traffic accident was taken as positive control. The intensity of IGF1 immunopositivity was expressed on a scale of 0-3 representing no, mild moderate, or strong positivity (12) .
Statistical analysis
The Statistical Package for the Social Sciences (SPSS) version 16 was used for the statistical analysis. The data were analysed for normality. The continuous variables were analysed using correlation, regression, and paired t-test, while categorical variables were analysed using c 2 test. Nonparametric variables between the control and test groups were analysed using Mann-Whitney U test. Parametric variables between the control and test group were analysed using t-test for equality of means. A P value of !0.05 was considered as significant.
Results
Mean age of patients with acromegaly and controls were comparable (37.9G9.8 years vs 41.0G11.0 years, PZ0.130). Mean GH and IGF1 levels were significantly higher in acromegalics than those in the controls (PZ0.001; Table 1 ). Twelve (22.64%) patients with acromegaly were treatment naïve, while 41 (77.35%) had undergone transsphenoidal pituitary surgery by a single neurosurgeon (K K Mukherjee). After the first surgery, two patients underwent trans-frontal surgery, ten received gamma knife, four external beam radiotherapy, and five octreotide LAR for disease control after completion of this study. Thirty-eight (72%) patients had active acromegaly while 15 (28%) were cured of their disease. Mean duration of the disease at presentation was 54 months. In patients who were cured, the median duration of cure was 25 months (3-60 months). Thirtythree of 53 patients with acromegaly were hypogonad and therefore mean serum testosterone was significantly lower in patients with acromegaly compared with controls (8.9G8.3 nmol/l vs 14.3G3.8 nmol/l, PZ0.001). Among the 33 hypogonad patients, six received testosterone replacement after evaluation.
Patients with acromegaly had significantly higher PSA, higher IPSS, and higher rate of prostatic enlargement on DRE and ultrasound, compared with those in the control group, although all of them had values within normal limits (Table 1) . DRE detected prostatic enlargement in a higher number of patients compared with that of ultrasonography. On TRUS, PV was significantly higher in patients with acromegaly (21.69G8.66 ml vs 12.48G3.72 ml, PZ0.001). PV O30 ml was reported in seven patients with acromegaly, but not in controls (13.2% vs 0%, PZ0.013). Patients who had a PV more than 30 ml had significantly longer duration of disease compared with those who had a volume !30 ml (96 months vs 44 months, PZ0.023). The TR (4.5 cm vs 3.6 cm) and CC diameters (3.4 cm vs 2.3 cm) were also significantly higher in patients with acromegaly compared with controls.
The AP diameter of the prostate was higher in controls, probably a chance observation. Median lobe volume appeared higher in patients with acromegaly (5.99 vs 2.85, PZ0.216). Structural changes in prostate like the occurrence of cysts (11.3% vs 8%), nodules (5.7% vs 2%), and calcifications (30% vs 16%) were seemingly more common in patients with acromegaly but not significant.
On uroflowmetry, patients with acromegaly showed obstructive features more often than controls. PVR urine volume ranged from 0 to 150 ml in patients with acromegaly, while it was 0-22 ml in controls. PVR more than 50 ml was present in five patients with acromegaly but not in controls (9.4% vs 0%, PZ0.001).
Fourteen patients underwent prostatic biopsy, of which seven were under 40 years of age. Their IPSS, PV, median lobe volume, and PSA were significantly higher compared with those in controls (Supplementary Table 1 ). Biopsy showed features of prostatic hyperplasia in six patients (43%), stromal inflammation in two (14.28%), lymphocytic infiltrates in four (28.5%), and corpora amylacea in four (28.5%).
Comparison of prostate parameters in patients with acromegaly below 40 years of age and controls
Thirty-one (58.5%) patients with acromegaly and 24 (48%) controls were under 40 years of age. Even though serum testosterone was significantly low in young patients with acromegaly (age !40 years) compared with age-matched controls, IPSS was significantly higher in these patients (3.87 vs 0, range 0-21) (PZ0.001) ( Table 2 ). On TRUS, the TR (4.37 cm vs 3.56 cm, PZ0.001) and CC (3.35 cm vs 2.11 cm, PZ0.001) diameters of the prostate were larger in patients with acromegaly than in controls. The median lobe was measurable only in patients with acromegaly (mean volume 5.22 ml, range 1.5-13.80 ml). PV was higher in patients with acromegaly compared with controls (20.2G7.7 ml vs 12.5G3.7 ml, PZ0.001). PV O30 ml was seen only in patients with acromegaly (9.67% vs 0%, PZ0.248). The occurrence of nodules and calcifications was more common in patients with acromegaly. On uroflowmetry, patients with acromegaly showed significant obstructive features in the form of higher PVR urine volume and lower average flow rate. PSA was significantly higher in patients with acromegaly than in controls (1.00 ng/ml vs 0.20 ng/ml, P!0.001) but was in normal range in both the groups ( Table 2) .
The prostate volume (PV) in acromegaly patients with underlying diabetes was not different from those without diabetes. Similarly, the PV does not correlate with fasting plasma insulin, C-peptide, HbA1c, and insulinogenic index (data not shown). 
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Comparison of prostate parameters in patients with acromegaly older than 40 years and controls
In patients of acromegaly older than 40 years, the IPSS was significantly higher compared with controls. Similar trend was found in the median lobe volume, total volume (TV) and PVR of more than 30 ml, in patients with acromegaly (Table 2) . Structural abnormalities were also more frequently seen in patients. Maximum urine flow rate was marginally higher (23.1 ml/s vs 22.4 ml/s, PZ0.8) but the average flow rate was significantly lower (12.4 vs 15.3, PZ0.05) in patients. PVR urine volume was also insignificantly higher in patients compared with controls (29.3 ml vs 9.4 ml, PZ0.331). Serum PSA levels were similar in both of the groups.
Comparison of prostate parameters in patients with acromegaly: active disease vs inactive disease
We classified patients with acromegaly on the basis of nadir GH values !1 ng/ml on to have inactive disease, or R1 ng/ml as active disease. Fifteen (28%) patients had inactive disease. Age of patients with active and inactive disease was similar. In patients with inactive disease, IPSS was marginally low but did not attain statistical significance (PZ0.81), DRE showed prostatic enlargement less often, and prostatic dimensions were less on TRUS. None of the patients with inactive disease, while seven (18.42%, PZ0.172) with active disease had prostatic hyperplasia. Cysts (5, 13.5%) and calcifications (14, 36.84%) were more common in those with active disease but nodules were more frequent in those with inactive disease (13.33% vs 2.63%). These structural changes were statistically not significant. Obstructive features were more common in patients with active disease. However, patients with inactive disease still had higher IPSS, PSA level, prostatic dimensions, and obstructive features on uroflowmetry compared with controls (Table 3 and Supplementary  Table 2 , see section on supplementary data given at the end of this article).
Comparison of prostate parameters in patients with acromegaly: hypogonad vs eugonad
Based on the serum testosterone levels, patients with acromegaly were classified as hypogonad (!9 nmol/l) or eugonad (O9 nmol/l). IPSS, PV, proportion of patients with PV O30 ml, and obstructive features on uroflowmetry did not differ between these two groups. PSA was comparable in both of the groups (Supplementary Table 3 , see section on supplementary data given at the end of this article). Acromegaly patients who were hypogonad had higher IPSS, PSA level, prostatic dimensions, and obstructive features on uroflowmetry compared with controls (Supplementary Table 3 ). There was no difference in the serum IGF1 levels between patients with BPH and carcinoma prostate (156.2G16.2 ng/ml vs 162.4G13.2 ng/ml).
Immunohistochemistry
Of 14 patients with acromegaly who underwent prostate biopsy, eight had active acromegaly and hypogonadism. The mean age of patients with acromegaly and controls were comparable. There were nine subjects aged !40 years in both the groups. Six patients with acromegaly had evidence of BPH on biopsy, while none of the controls had BPH (Supplementary Tables 1 and 2 ). USG was 50% concordant with histopathology and 83% with DRE to diagnose BPH. On IHC with anti-IGF1 antibody, the postmortem liver biopsy specimen was strongly positive (3C) (Fig. 1 ). All patients with acromegaly had moderate positivity (2C) while in controls, three had mild positivity and the rest were negative. BPH tissue showed moderate IHC positivity in two and mild positivity in 12 subjects. As opposed to this, four patients with carcinoma prostate had strong positivity, two each had mild and moderate positivity, while six were negative. The intensity of immunoreactivity to anti-IGF1 antibody positively correlated with Gleason's grade.
Discussion
Our study demonstrates that patients with acromegaly have higher scores on IPSS, an increased prevalence of PV, obstructive pattern on uroflowmetry, and structural prostatic changes, irrespective of their age, disease activity, or gonadal status. Over-activity of GH/IGF1 axis plays an important role in the pathogenesis of BPH in these patients. Organomegaly, colonic mucosal hyperplasia, and polyps have been well known in acromegaly as a result of GH-IGF1 over-activity (13, 14, 15, 16, 17, 18) . A few earlier studies have also reported a higher prevalence of prostatic enlargement and BPH in patients with acromegaly (7, 19) . However, these studies are limited by the lack of histopathological data. Our study is the first to document functional consequences of prostatic enlargement, structural changes by prostatic biopsy, and correlate the pathogenic role of GH/IGF1 axis in these changes.
80% at 80 years (20) . Testosterone and DHT play an important role in prostatic cell growth and differentiation; although these hormones are essential, they are not sufficient by themselves (21) . Various other growth factors that are involved in growth, development, and pathological enlargement of prostate include epidermal growth factor, fibroblast growth factor, and transforming growth factor beta (22) . Little is known about the direct involvement of GH/IGF1 axis in this process. Increased expression of IGF1 receptors (IGF1Rs) has been documented in animal and human models of BPH and prostatic malignancies. Whether the action of circulating or paracrine IGF1 is important at this site is not known (5, 6) . Recent researches have highlighted the involvement of not only IGF1 signalling but also GH itself. GH is responsible for activation of transcription 5 (STAT5) protein (23) . It was shown that STAT5 activation is involved in the development of breast cancer, leukemia, and colon adenocarcinoma as well as prostate cancer. Studies have shown that patients with type 2 diabetes have significantly increased risk of BPH and the most obvious mechanism involves mitogenic and growthpromoting actions of insulin (24, 25) . In addition, lower sex hormone-binding globulin associated with insulin resistance is likely to increase the trafficking of testosterone to prostate. The association of BPH with elevated fasting plasma glucose in men without diabetes is low, suggesting that greater perturbation of glucose homoeostasis is increasingly associated with prostatic enlargement. The lack of correlation of PV with fasting plasma insulin, insulinogenic index, and HbA1c in our study suggests their minimal role in the causation of prostatic enlargement, which is in contrast to a study by Wang et al. (24) . It could be explained by fewer acromegaly patients with diabetes in our cohort.
In our study, IPSS was significantly higher in patients with acromegaly compared with controls, even after adjustment of disease status (active or inactive), gonadal status, and age. The IPSS score in patients with acromegaly older than 40 years was significantly higher than in control group, which is distinct from other studies (19) . In vitro data suggests that GH augments the effects of DHT (26) and inhibits 5a-reductase 1 enzyme activity in pilosebaceous unit, thereby reducing the effect of DHT, which is a therapeutic paradox (27) . The GHRH antagonists have been shown to reduce the PV directly acting on truncated receptor splice variant without involving the testosterone-DHT pathway (28) . Moreover, treatment with 5a-reductase inhibitor for BPH or LH-releasing hormone antagonist/agonist for prostate cancer has been shown to reduce prostate size. The literature is silent regarding the activity of 5a-reductase 2 in the prostate gland of acromegaly patients. We postulate that elderly subjects already express urinary symptoms but the over-activity of GH/IGF1 axis acts as a 'fuel in the fire' even with bare minimum testosterone and DHT levels and make symptoms more overt in patients with acromegaly. This is evident by IGF1 signalling conferring stimulatory effect on androgenic receptor by attenuating forkhead box-containing protein O subfamily (Foxo1) inhibition (29) . In our study, prostatic enlargement was significantly higher among patients with acromegaly than controls, which is in consonance with other studies (19, 30) . This was irrespective of age and disease activity or gonadal status in contrast to study reported by Correa et al. (19) . Although DRE overestimated prostatic enlargement, compared with USG, there was a good correlation between them (rZ0.9). The prevalence of BPH and structural lesions was more in the study by Colao et al. (30) . It could be because of observational bias and lack of histopathological documentation in the above-mentioned study. The lower prevalence of prostatic hyperplasia in our study could be because of the younger population, ethnicity, and histopathological criteria for defining it.
Compared with age-matched controls, the PV was also higher in patients with acromegaly who were hypogonad, although none of them had PV O30 ml. Thus, it could be postulated that the prostatic enlargement not only depends on gonadal axis but also on GH/IGF1 axis. This is further supported by lack of significant prostatic enlargement (PV O30 ml) in patients with inactive disease. However, in patients with inactive disease (duration more R24 months), PV was still higher than in controls (20.9 ml vs 12.5 ml, PZ0.001). This could be because of the fact that once the prostate is enlarged, it would take a long time for regression, irrespective of the disease control. A previous prospective study by Colao et al. (31) had shown a significant decrease in PV following normalization of GH/IGF1 after 1 year of octreotide treatment. Our study was cross-sectional, which has limitation due to lack of availability of baseline patient characteristics due to which we could not make an appropriate analysis of the effects of treatment(s).
The median lobe of the prostate gland was measurable in all patients with acromegaly, irrespective of their age but only in a few controls older than 40 years. None of the controls younger than 40 years had measurable median lobe. Similarly, the median lobe volume was marginally higher in patients than in controls (5.99 vs 2.85, PZ0.216).
Presence of structural changes in prostate such as calcifications, cyst, and nodules was more in patients with acromegaly compared with healthy controls, irrespective of their age. The structural changes found in the prostate of patients with acromegaly in our study were similar to these noted in previous studies (7, 19) . Prostatic histopathology revealed BPH in six of 14 (43%) patients. None of the previous studies have performed prostatic biopsy in patients with acromegaly patients to evaluate BPH. Elevated PSA or prostatic carcinomas were not found in any of our patients.
On uroflowmetry, maximum flow rate and average flow rate were reduced in patients with acromegaly and a higher number of patients had significant PVR, which means that there is a dynamic obstruction of lower urinary tract irrespective of the disease activity. Obstructive features were also significantly higher even in younger patients, compared with controls (P!0.05); however, all other parameters except average flow rate were comparable in those older than 40 years, which could be part of the normal ageing process. In normal individuals, IGF1 stimulates cell proliferation while its major binding protein (IGFBP3) causes apoptosis. Serum IGF1 in the upper quartile of normal range has been shown to be associated with a higher risk of various neoplasms like carcinoma colon and prostate in the general population (6) . In our study, BPH and carcinoma prostate had comparable IGF1 levels to that of healthy controls, even though they were much older and by this time the IGF1 is expected to be low due to somatopause. Published data suggests that BPH as defined by TRUS is well described in patients with acromegaly (1, 19) . However, occurrence of prostatic carcinoma in this subset of patients is infrequent (8) . The physiological development and growth of prostate depends predominantly on testosterone and DHT. Our study has shown the possible involvement of GH/IGF1 axis in the development of BPH in patients with acromegaly and may have some role in the pathogenesis of BPH and prostatic carcinoma in the general population. The variable immune positivity for IGF1 in patients with carcinoma prostate could be because of complex interplay of endocrine and paracrine GH/IGF1 and the binding proteins, variable IGF1R expression, or involvement of unidentified pathways. IGF1R expression is seen in both hormone responsive and castrated hormone refractory prostatic cancer and BPH specimens. Activation of androgen receptor via interaction of IGF1 and IGF2 through IGF1R is one of the putative mechanisms in these disorders (32) . In six patients with inactive disease, the moderate positivity for anti-IGF1 antibody is not surprising as there is a dissociation between serum and tissue IGF1 level, and once the process of BPH has started, it may take a longer time to regress or may not regress at all. In future studies, the IGF1R status should be examined in prostatic biopsy specimen of acromegaly patients.
The strengths of our study include the presence of an age-and BMI-matched control group, prostatic biopsy, and IHC for anti-IGF1 antibody; however, the limitations are small sample size, cross-sectional nature of the study, and lack of long-term follow-up to look for recovery of prostatic enlargement after different therapies. It is still uncertain whether prostate disorders may be a clinical concern in patients with acromegaly, since in clinical practice very few patients complain of symptoms related to prostatic hyperplasia or neoplasia.
Conclusion
In patients with acromegaly, there is a higher frequency of structural changes in prostate, along with a greater PV and obstructive features compared with healthy controls, irrespective of age, gonadal status, or disease activity but the differences in various parameters between acromegaly patients and controls seem to be marginal. These findings indicate that very few of the patients had clinically relevant or significant disease. Therefore, a careful prostatic symptom evaluation, supported by TRUS, may not be recommended in the work-up of all male patients with acromegaly. Future prospective multicenter studies on larger populations of acromegaly patients may clarify this aspect.
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